Wood-pastures are complex social-ecological systems (SES), which are the product of long-term interaction between society and its surrounding landscape. Traditionally characterized by multifunctional low-intensity management that enhanced a wide range of ecosystem services (ES), current farm management has shifted toward more intensive farm models. This study assesses the supply of ES in four study areas dominated by managed wood-pastures in Spain, Sweden, and Romania. On the basis of 144 farm surveys and the use of multivariate techniques, we characterize farm management and structure in the study areas and identify the trade-offs in ES supply associated with this management. We link these trade-offs to multiple factors that characterize the landholding: economic, social, environmental, technological, and governance. Finally, we analyze how landholders' values and perspectives have an effect on management decisions. Results show a differentiated pattern of ES supply in the four study areas. We identified four types of trade-offs in ES supply that appear depending on what is being promoted by the farm management and that are associated with different dimensions of wood-pasture management: productivity-related trade-offs, crop production-related trade-offs, multifunctionalityrelated trade-offs, and farm accessibility-related trade-offs. These trade-offs are influenced by complex interactions between the properties of the SES, which have a direct influence on landholders' perspectives and motivations. The findings of this paper advance the understanding of the dynamics between agroecosystems and society and can inform system-based agricultural and conservation policies.
INTRODUCTION
European wood-pastures are considered archetypes of multifunctional landscapes and high nature value farming systems due to the high natural and cultural values they contain (1) and the multiple ecosystem services (ES) they provide (2, 3) . Developed as tightly coupled socialecological systems (SES) (4), wood-pastures constitute a significant part of European cultural and natural heritage (5) . Their physiognomy varies across Europe, but commonly shared features include the existence of trees at various densities across a landscape managed mostly for livestock grazing (6) . Wood-pasture management is traditionally multifunctional, combining animal production with small-scale cereal production (mostly to produce animal fodder), the extraction of forest products (for example, fruit, firewood, and cork), and the provision of habitat for game hunting and recreational activities (7) . Despite their substantial current extent (covering ca. 4.7% of Europe's surface), the area of wood-pastures is shrinking and they are relict or have disappeared in many regions of Europe (2, 8) . Remaining wood-pastures are facing multiple and accelerated environmental, socioeconomic, and political changes. The loss of traditional multifunctional management typically leads to a simplification and/or loss of these landscapes in an antagonistic parallel process of management intensification and land-use abandonment (9) .
The causes behind these dynamics are complex and interrelated. From the perspective of economic efficiency, the low direct productivity of these traditional systems compared to intensive animal production systems makes wood-pastures less competitive in a delocalized market, where farmland management efficiency is valued exclusively by the yields harvested (10) . From the perspective of policy, the heterogeneous character of wood-pastures is difficult to integrate within the current policies governing commodity production landscapes (for example, agricultural and forestry) (11) . From a sociodemographic perspective, wood-pastures are highly vulnerable to land abandonment caused by shrinking human population sizes in rural areas, which leads to a lack of generational replacement and loss of traditional local knowledge (12) .
The ES framework has proved useful in understanding humannature relationships in SES. ES are jointly produced through the interaction between the ecological and social subsystems of the SES in wood-pastures (13, 14) . In Europe, multiple studies have assessed the supply of ES in wood-pastures from various perspectives, including biophysical (8, 15) , sociocultural (16, 17) , and economic valuations (18, 19) . This accumulated knowledge demonstrates the importance of management in the maintenance of wood-pastures, because shifts in management may lead to changes in the provision of multiple ES that rely on the same ecosystem process or are affected by the same external factor. For example, an increase in grazing pressure might enhance animal production but may, in turn, reduce the potential for harvesting wild resources. These positive or negative covariations in the supply of multiple ES are known as synergies and trade-offs. Trade-offs are rather complex, behave in diverse ways at different spatial and temporal scales (20, 21) , and are affected by both sociocultural and environmental factors (22, 23) . In European agroecosystems, ES trade-offs have been assessed on multiple occasions, with trade-offs being repeatedly identified between provisioning services on the one side and regulating and cultural service categories on the other (24, 25) . When a set of ES appears together consistently, it is referred to as a bundle of ES (26) . Identifying these bundles has been receiving increased attention as they can potentially give a powerful message to managers and policy makers when working with complex landscapes (27) (28) (29) . However, the current focus in ES trade-off analysis and bundle identification is mainly on the differences between land-use types, whereas little attention has been given to the mechanisms by which trade-offs and bundles appear within these land uses under different conditions (30) . In traditional agricultural landscapes, typically characterized by their multifunctionality, the identification of these linkages is of high relevance because farm management decisions will foster the provision of specific bundles of ES at the expense of others, establishing trade-offs that are associated with different dimensions of farm management (26) .
Despite the increased interest in ES trade-offs, little attention has been paid to the underlying environmental and socioeconomic properties of SES that affect both the supply and demand of ES [but see the study of Burton and Schwarz (31) ]. In agroecosystems, landowners and/ or managers have a central role to play as ultimate decision makers regarding the management strategy and thus the regulation of the provision of ES. Their values, future perspectives, and decisions will be directly influenced by diverse context-based social-ecological conditions, primarily of economic character (31, 32) , although sociocultural considerations often play an almost equally important role (33, 34) . Understanding the linkages between the properties of SES, farmers' attitudes, and their effect on the supply of ES can substantially contribute to design and promote system-based policies that address the complex and specific nature of SES.
The overarching goal of our research is to illustrate how the SES framework (35) can be articulated to understand the supply of ES in agroecosystems to contribute to context-based policies for landscape planning and management. We hypothesize that in European woodpastures, ES supply will be driven by multiple dimensions of management, establishing clearly defined trade-offs that will go beyond the classic gradient of intensity in management (hypothesis 1). The specific outcomes of these trade-offs will be driven by diverse and context-based social-ecological properties affecting landowners' values and perspectives (hypothesis 2). Therefore, in each region, the same land use would display a different pattern of ES provision because it will be playing a different role in the SES, which mirrors local needs and demands (hypothesis 3). To address the above hypotheses, the present paper follows existing methodological guidelines (36) to assess and interrelate ES supply, ES trade-offs, SES properties, and farmers' perceived values and threats across four distinct oak wood-pasture-dominated regions in Europe that differ culturally, environmentally, and socioeconomically (Llanos de Trujillo in Spain, Östergötland in Sweden, La Serena in Spain, and the Saxon cultural region of southern Transylvania in Romania; Fig. 1 ).
To assess the supply of ES in each wood-pasture, we used an integrated social-ecological approach that incorporates-based on interviews with landholders-indicators for provisioning, regulating, and cultural ES categories and allows the identification of ES trade-offs and synergies. To evaluate the interrelation between these trade-offs and the SES properties, we considered multiple factors for each woodpasture, accounting for biophysical, social, governance, technological, and economic characteristics. Finally, to assess how all the abovementioned elements influence landholders' attitudes to wood-pasture management, we evaluated how landholders consider the contribution of wood-pastures to their quality of life and which threats they think are relevant to their current management.
In Fig. 2 , we adapt Ostrom's SES framework (35) to conceptualize the supply of ES in wood-pastures. Taking a specific wood-pasture, the coproduction of ES (14) (outcomes, O) would be determined by the interaction (I) between the resource system (RS), the governance system (GS), the resource units (RU), and the users (U). RS encompasses the wood-pasture landscape, including all the factors and processes that maintain its composition and structure. GS includes all the processes and factors that, to a certain extent, determine the management of wood-pastures and regulate their use. Together, RS and GS outline the biophysical, social, governance, technological, and economic properties of the SES. Some of these system properties have a direct effect on ES supply (for example, soil fertility has a direct positive effect on cereal production; a ban on game hunting during the mating season has a direct negative effect on the harvesting of wild products), whereas others have an indirect effect (for example, dense vegetation indirectly increases recreational game hunting activities by improving wildlife habitat, whereas its suitability for hiking deteriorates). RU is composed of all the land uses and landscape features present in the wood-pasture, and U includes not only all those benefiting directly from wood-pastures either productively (such as farmers) or through nonmaterial means (visitors and tourists) but also those benefiting indirectly (consumers of highquality meat products). All these elements are embedded within larger environmental, economic, political, and social settings (S).
RESULTS

Ecosystem service supply
On the basis of 13 ES indicators used over a total of 144 wood-pasturedominated landholdings (see Materials and Methods for a detailed account of the semistructured interview protocol and addressed indicators), the comparison of the four study areas showed distinct patterns of ES supply for each study area ( Fig. 3 ). Wood-pastures in Östergötland (Fig. 3A) revealed the highest values for provisioning ES such as animal and timber production and for cultural ES such as outdoor recreation, historic and cultural values, and hunting. We used the amount of mineral and capital inputs as inverse indicators of regulating ES, which revealed that Swedish wood-pastures showed the lowest values for regulating ES among the four study areas. In contrast, wood-pastures in southern Transylvania (Fig. 3B ) displayed the lowest values for firewood production, as well as for outdoor recreation, recreation events, harvesting of wild resources, historic and cultural values, and hunting. On the other hand, they showed the highest values for regulating ES and the highest values for maintenance of genetic resources (in terms of animal breeds). Landholdings in Llanos de Trujillo ( Fig. 3C ) showed the highest values for the cultural ES of wildlife recreation and recreation events and the lowest values for the provisioning service of cereal production. Finally, wood-pastures in La Serena (Fig. 3D ) had the highest values for the number of products and cereal production and for cultural ES such as the harvesting of wild resources and the lowest values for animal production and cultural ES such as wildlife recreation and historic and cultural values.
Trade-offs of ES
We identified four types of ES trade-offs by comparing the indicators of ES supply among the 144 landholdings. The projection of the ES indicators in the principal components analysis (PCA) for mixed data reduced the variability in ES supply to four components, which absorbed 65.39% of the variability and had an eigenvalue larger than 1 ( Table 1) .
The positive side of the first axis, identified as productivity-related trade-offs, was associated on the positive side with provisioning ES, such as timber and firewood production, and with cultural ES such as historical and cultural values, outdoor recreation, social events, hunting, and wild resources harvesting. On the negative side, the first axis was related to the number of autochthonous breeds and the regulating ES indicators. Regarding the study areas, the productivity-trade-off axis was positively associated with the Swedish wood-pastures and negatively associated with the Romanian wood-pastures. The second axis, identified as crop production-related trade-offs, was associated, on the positive side, with cereal production, but was negatively associated with all cultural services, especially social events and wildlife-related recreation activities, and the regulating ES indicators. All study areas were positively associated to each other, except the Spanish study area of Llanos de Trujillo. The third axis, identified as multifunctionality-related tradeoffs, was associated, on the positive side, with the number of products and the regulating ES indicators and, on the negative side, with animal production. This axis was strongly positively associated with the Spanish study area of La Serena and negatively with the Swedish wood-pastures. Finally, the fourth axis, named accessibility-related trade-offs, was positively associated with outdoor recreation and wildlife-related recreation. These trade-offs were positively related with wood-pastures in Östergötland and southern Transylvania and negatively with both Spanish study areas.
Linkages between ES trade-offs and SES properties
We found moderately and strongly positive and negative correlations between the identified ES trade-offs and the biophysical, social, economic, governance, and technological SES properties ( Table 2 ). The multiple factor analysis (MFA) linking trade-offs and system properties absorbed 75% of the variability in the first four axes and revealed a complex pattern of interactions between trade-offs, SES properties, and geographical locations ( Fig. 4 ). The multifunctionality-and productivity-related trade-offs were positively associated with high values in the size of the landholding, fuel use, economic investment, and hired workforce but were negatively associated with family involvement in management, use of animal workforce, and self-consumption from the total production. Crop production-related trade-offs were positively associated with larger proportions of private landownership and high heterogeneity. Multifunctionality-related trade-offs were positively associated with a high proportion of local products distributed and large landholding sizes and negatively associated with nonrestrictive farm access policies, high family involvement in management, and use of animal workforce. Accessibility-related trade-offs were strongly correlated with the relative openness/restrictiveness of farm access policy.
Landholders' perceptions of landscape values and threats
On the basis of the coded landscape values and perceived threats to the current management of wood-pastures, we observed a differentiated pattern in landowners' and managers' perceptions in the study areas. A multiple correspondence analysis (MCA) revealed two main components, which explained 50.67% of the variability and spatially segregated perceived threats and landscape values by study area (Fig. 5 ). Swedish landholders especially appreciated working in wood-pastures because the activity contributes to their well-being by giving them autonomy and freedom and allowing them to escape their everyday routine; they felt threatened by the lack of social and political recognition of their work and products, the lack of new generations continuing agriculture, and the loss of knowledge in the region. Managers and landowners in Romania especially appreciated working outdoors, being in contact with nature and animals, and feeling personally attached to the woodpastures. They also appreciated the fact that the rural landscape allows them to strengthen social relationships and that they do not need to travel far in their everyday routine. On the other hand, they expressed concerns regarding the lack of technology and specialized workforce in land management, delayed agricultural support payments, and unfair prices that do not reflect the true value of their products. Respondents in the two Spanish study areas generally appreciated the peacefulness and tranquility of working in the area. They also emphasized that the rural landscape contributes to their health and that wood-pastures are their main income source. However, they felt too dependent on common agricultural policy (CAP) payments; they had difficulties in accessing new farmland and perceived different environmental threats: tree pests, a decline in soil fertility, and wildlife as a pest vector.
DISCUSSION
Similar landscape, dissimilar ecosystem service supply
Our results show that wood-pastures in Europe provide, beyond singlecommodity production, a wide variety of ES, spanning all service categories. Beyond general patterns, our cross-site comparison reveals a situation in which the levels of individual ES supply vary greatly between European regions ( Fig. 3 ). In Sweden, wood-pastures show the highest levels of management intensity, sustaining a moderately diverse but intensive production that is mainly focused on timber harvesting and animal grazing. This is accompanied by a high supply of cultural ES, where wood-pastures have historic and cultural values and play an important role in game hunting and other recreational activities. These values are in line with previous studies in the south of Sweden that identified wood-pastures as playing an important role in the conservation of cultural heritage and the supply of diverse recreational ES while maintaining commodity production (37, 38) . In contrast, wood-pastures in Romania maintain similarly high levels of animal production while using less input-dependent management practices (39) . Although previous studies indicate a general appreciation of wood-pasture landscapes and their values for relaxation and recreation (40) , our results indicate that beyond that general recognition, wood-pastures are currently not used as arenas for cultural gatherings, and local communities do not recognize any historically or culturally relevant features. This situation is interesting because the Saxon cultural region of Transylvania is considered the most important region for ancient oak wood-pastures in central and eastern Europe (41) . When specifically asked, local actors recognized several cultural and historical values of large old trees from these wood-pastures (42) . Representing an intermediate situation, Spanish wood-pastures combine livestock production with a diverse and low-intensity production of firewood and crops with game hunting and other recreational activities.
Therefore, we find that similar landscapes with comparable spatial and structural configurations can provide very different sets of ES. This variability is expressed when comparing across study areas. However, wood-pastures differ in their supply of ES also within regions depending on landholders' interests and society's use of the wood-pastures (see table S2 ). These contrasts in ES supply add another layer of complexity to the valuation of the ES provided by these multifunctional landscapes as it would be inadequate to compare the productivity of two systems designed and maintained for different purposes with single indicators. Given two similar wood-pastures, a valuation based on their potential for recreation will probably yield a different result to a valuation based on their contributions to biodiversity conservation or to commodity production. The ES service framework is a useful tool not only to take stock of the multiple products and activities that take place in woodpastures but also to integrate their environmental and cultural values, which will differ according to the local context. In Europe, where agricultural and several environmental policies are articulated at the transnational level, policies to conserve or promote multifunctional landscapes, such as wood-pastures, need to acknowledge and integrate the different roles a system can play in different contexts to achieve a fair and equal valuation.
Management dimensions governing trade-offs of ecosystem services
Traditionally, trade-off analysis has been focused on identifying tradeoffs among different land uses (30, 43) . Moreover, in agricultural systems, the identification of trade-offs has focused on the effects of single management dimensions, typically by assessing the effect of enhancing a relevant ES (25) over the rest, or the effect of increasing/ decreasing management intensity (44, 45) . Given the complexity and place-based character of traditional agricultural systems, as wood-pastures, the single focus on land-use types appears too simplistic and might lead to flawed and excessively rigid policies. Although the four study areas considered are dominated by wood-pastures, the provision of ES varies greatly within and between them, which implies that there are inherent trade-offs related to the different management styles.
Our results confirm hypothesis 1 and show that in wood-pastures, the mechanisms leading to trade-offs and synergies of ES are linked with multiple aspects of management. In particular, we identified four main dimensions of management that control ES associations: the degree of management intensity, the extent to which the system is focused on crop production, the extent of multifunctionality of the system, and the degree of accessibility of a wood-pasture to the general public (Table 1) .
The most influential dimension of management, which generates the strongest trade-offs, is the extent to which the focus is on commodity production and the degree of management intensity. Our results show that single-commodity production comes at the expense of regulating ES with increased dependence on external inputs. This may be the case for increased crop yields (cases such as Östergötland or La Serena) or for importation of supplementary fodder (case of Llanos de Trujillo). These results are in line with the previous literature identifying negative relationships between provisioning and regulating ES in agricultural landscapes (21, 46, 47) . Surprisingly, our results show that cultural ES were not negatively affected by management intensification. This is illustrated in the Swedish and Romanian cases. In Sweden, where landholdings showed the most intensive management practices, we found the highest use of the landscape for outdoor recreation, game hunting, and historical and cultural values, whereas Romanian wood-pastures, which are less intensively managed (as expressed by reduced input levels of capital, fertilizers, and pesticides), show the lowest levels of the former values. These results contradict previous assessments of ES trade-offs in agricultural landscapes (22) , but are in line with assessments performed in southern Sweden (29, 37) that link high cultural ES to complex agricultural landscapes. The relationships described between cultural and provisioning ES reveal two different planning and management strategies within a multifunctional landscape. On the basis of our results, we can identify Swedish landholders as advocates of "land sparing," dividing their land into "monofunctional entities," some composed of cropland, permanent grasslands, and coniferous forest devoted to intense commodity production (where trade-offs between provisioning and regulating ES occur), while maintaining patches of wood-pastures, which are managed and maintained to enhance their cultural and recreational value. In contrast, Romanian and Spanish wood-pastures are examples of "land sharing," which integrates commodity production and cultural and recreational uses in the same management unit. These two antagonistic strategies have roots in the way in which landholders perceive land use and its potential for ES supply. In Sweden, wood-pastures are perceived as recreational landscapes and strongholds of cultural identity, which are in conflict with production (38), whereas in Romania (40) and Spain (16, 17) , they are perceived as an integrated management unit that simultaneously provides provisioning, regulating, and cultural ES.
The second dimension of wood-pasture management that governs ES trade-offs relies on the importance of crop production within overall land management. Increasing crop production is commonly accompanied by a decrease in the recreational use of the landholding. Crop production as a land use is largely incompatible with recreational use, because the latter can affect crop yields. However, crop production plays an essential role in supplying supplementary fodder and is a central element in increasing self-reliance and independence from external inputs. Croplands within wood-pasture landholdings also play an important role in providing habitat for multiple protected bird species, some of which are an important attraction for bird-watchers, as is the case in Llanos de Trujillo (48) .
The third dimension accounts for the role of multifunctional versus monofunctional management. Our results show that increasing multifunctionality is a strategy that can potentially maintain animal production and recreational uses while reducing dependence on external inputs. Multifunctionality is the management dimension with the highest number of synergies among ES, integrating production, recreation, and conservation within the same multifunctional unit. Returning to the land sparing/land sharing duality, integrated management (exemplified by the study areas of La Serena, Llanos de Trujillo, and southern Transylvania), which is often closer to traditional management, makes broader use of the available resources so that they can supply a wider set of ES.
The final management dimension accounts for the relative openness/restrictiveness of landholding access policy. This has a significant effect on the provision of cultural services. Access to the land controls and regulates recreational uses and, thus, broader landscape values. These results demonstrate that accessibility is the most important factor influencing people's use of the landscape.
Howe et al. (49) found in a meta-analysis that whereas trade-offs were the most common type of ecosystem service association, synergies were rare and only appeared when landowners managed to avoid or overcome economic pressures. This conclusion appears to be true in our analysis. The first two management dimensions reflect trade-offs that can be directly or indirectly associated with economic motivations to increase profitability. However, in the case of the third and fourth dimensions, we mostly identify synergistic associations, which represent alternative management strategies to increase ES supply without harnessing profitability. Therefore, our results show that policies aiming to increase ES supply in agroecosystems should be oriented to increase the multifunctionality of management and to make the land more accessible to the general public. A social-ecological approach to assessing coproduction of ecosystem services Recently, Cavender-Bares et al. (50) presented a sustainability framework for landscape planning that associates ES trade-offs in terms of two dimensions: biophysical constraints and stakeholders' different preferences/values. Our analysis goes beyond these two dimensionsby comparing four study areas dominated by the same land use but in very different stages of social-ecological development-consistently linking the outcomes of these trade-offs with different SES properties.
S C I E N C E A D V A N C E S | R E S E A R C H A R T I C L E
Following our proposed framework (Fig. 2) , our analysis of ES tradeoffs showed how different outcomes (O) of ES coproduction depend on decisions encompassing different management dimensions. These decisions do lead to complex interactions (I) between ecosystem processes that generate trade-offs and synergies of ES that will promote the supply of some ES at the expense of others. Our results further reveal how these trade-offs of ES are driven by diverse SES properties ( Fig. 4 and Table 2 ). These different properties will have an impact on landowners and managers, who will ultimately determine the processes that maintain the composition and structure (RS) of the landscape and regulate its management and use (GS). Thus, our analysis confirms hypothesis 2 and shows that management decisions depend not only on the range of management options that are dictated by the environmental characteristics of the land (for example, climate and soil fertility) but also on the social, economic, technological, and biophysical properties of the system, which will enlarge or constrain the capacity of landholders to shift management one way or another for each of the identified management dimensions.
In the case of the productivity-related trade-offs, the MFA shows that the intensity of the management is dependent on the economic and technological level of the SES ( Table 2 , F1). Our results place the four study areas on a continuum of productivity associated with management intensification, where the Swedish and Romanian wood-pastures are placed at opposite extremes, whereas the two Spanish study areas are in the middle. The outcomes of the analysis suggest that the increased productivity observed in Swedish wood-pastures is associated with the fact that they have access to more financial capital and technology. This situation allows greater investment not only in external inputs (pesticides, improved seeds, fertilizers, etc.) but also in specialized workforce (increased number of hired employees) and in machinery to streamline management processes (increased fuel consumption). In contrast, the Romanian wood-pastures are often managed for semi-subsistence (high self-production ratio), with low use of technology (greater use of animal workforce) and low economic investment.
As opposed to abovementioned patterns, multifunctionality-related trade-offs are not associated with the economic and technological development of the system. Instead, multifunctional management is related to biophysical properties (size of the landholding), governance (policy regarding access to the landholding), and the presence of local distribution networks (local distribution ratio) ( Table 2, F3 ). This result is interesting, as multifunctionality is the management dimension associated with more ES synergies. In the current context of global, delocalized markets, farmers are being encouraged to simplify their production with adverse consequences for the supply of ES (38) . Our results suggest that this trend could be reverted by policies focused on stimulation of local distribution networks. These policies would encourage diversification by promoting local products while helping to build local brands by associating local production with the multifunctional landscape. Our results also show increased multifunctionality in the management of large properties with low accessibility to the general public. We associate this pattern with the difficulties connected to integrating multifunctional management in the CAP, whose payments are, to a great degree, based on the size of the landholding. As a consequence, landholders tend to cease the production of secondary products, commonly less profitable, to increase stocking rates.
The MFA shows that crop-related trade-offs are related with governance properties (Table 2, F2) , supporting previous findings that indicate that lower risk operations are connected to rented land tenure (38) . Finally, the analysis showed that the property access policy is the most relevant factor that regulates the public's recreational use of the wood-pastures (Table 2, F4 ). This finding is in line with previous studies that identify accessibility as being a better predictor for landscape appreciation and use than land-use cover and other landscape features (17) .
Perceptions of landscape values and current threats
Previous studies have analyzed the perception of ES supply in Spanish (16, 17) , Swedish (38) , and Romanian (42) wood-pastures. Our analysis differed from these by specifically targeting land managers and landowners as ultimate decision makers regarding wood-pasture management. In addition, we expanded our analysis beyond ES supply to include wood-pasture threats and relations to quality of life. Our results show that landholders, beyond sharing some common perceptions regarding values associated with their profession (working outdoors, working with animals), have a regionally different understanding of the landscape and how it contributes to their well-being, reflecting the different regional characteristics, properties, and roles that woodpastures play in each SES (Fig. 5) . These results confirm our hypothesis 3:
The different values attributed to wood-pastures in each region mirror the different roles a similar landscape can play across Europe. They all share a similar spatial configuration, in our particular case combining trees at different densities with pasture, and a main principal objective of raising animals. However, the state of the SES varies greatly across study areas, which results in significant differences in ES supply depending on the diverse needs, values, and motivations of the people working in them.
Swedish wood-pastures, which are a relict landscape in this area, are perceived as providers of cultural values and are mostly used for recreational purposes. Here, the management of wood-pastures reflects landowners' and managers' personal statements against a strongly delocalized market and a rather intensive agricultural landscape (high values of freedom, independence, and self-production). This contrasts with how wood-pastures are perceived in Romania, where wood-pastures are often part of semi-subsistence systems, where local households are highly reliant on their self-production and are the direct beneficiaries of most of the ES. Hence, wood-pastures play a central role in the articulation of social interactions at the local level and the general functioning of the community (high appreciation of the landscape for social interactions and place attachment). Finally, in both Spanish study areas, landholders perceive wood-pastures as central productive elements because they are profitable and essential for conducting agricultural production (51) . High-quality meat-based products are associated with wood-pasture management in the Spanish collective imagination and are supported by branding strategies that promote the consumption of wood-pasture products. Hence, this role is reflected in landholders' perspectives as they consider wood-pastures to be their source of profit (perceived economic value) while they recognize the environmental role they play in the landscape (perceived values in cleaning the air and health). These trends in the appreciation of ES have also been observed among rural inhabitants in multifunctional landscapes across Europe. This illustrates that cultural services are more appreciated in regions with high gross domestic product/capita (GDP) and population density, whereas provisioning services are emphasized in regions with low GDP and population density, and a higher share of people working in agriculture for subsistence farming.
The different roles that wood-pasture play in SES can also be identified in the threats that landholders perceive, reflecting the different stages in the development of the SES and the diverse inherent dynamics of each study area. Romanian wood-pastures are in the process of an adaptation to the European agricultural support schemes (perceived delay in CAP payments) and face challenges related to increasing the productivity of the system (perceived lack of technology, specialized workforce, and low profitability) while controlling the overpressure on their natural resources. In contrast, landholders in Spain face threats related to the environmental and economic sustainability of landscapes that are managed to achieve their maximum productive potential (perceived dependence on CAP payments, lack of tree regeneration, and wild animals as pest vectors). In Sweden, landholders feel encouraged to switch their management to more productive land uses to increase profit (perceived low profitability). This process is further exacerbated by the gradual development of Swedish wood-pastures into solely recreational and cultural landscapes, and the loss of local/ecological knowledge regarding how to integrate them into production (perceived loss of knowledge and lack of a generational succession).
Policy implications
Overall, our analysis reveals that ES associations are complex, have multiple origins, and do not follow simple win-win interactions or single causalities, but are instead controlled by different land management and farm policy dimensions. In wood-pastures, policies that are oriented toward enhancing provisioning, regulating, and cultural ES should be focused not only on regulating the intensity of management but also on the accessibility and multifunctionality of the systems. Multifunctionality is one of the objectives of the European Union's Biodiversity Strategy to 2020 (52) . A way to promote multifunctional management would be to lower the priority given to farm surface in current payment schemes in favor of indicators that promote diversification. These schemes are currently being implemented on arable land by supporting crop diversification to reinforce biodiversity conservation within the "Greening" strategy of the CAP for 2015-2020. We advocate extending these efforts to grazed land to acknowledge the role that woody vegetation plays in the ecosystem to minimize ES trade-offs. The current CAP fails to capture some of the most important values of European traditional agroecosystems as it builds on simplistic land-use type categorizations while disregarding the multifunctional character of systems such as wood-pastures. These systems require low-intensity management and the presence of semi-natural habitats. To successfully enhance ES supply, future CAP rules should, on the one hand, use pillar I to link direct payments more strongly and generally with management practices benefiting the environment. On the other hand, pillar II should focus more on the place-specific socialecological properties of land-use systems and address different management models individually.
Perhaps, the most relevant message derives from the context specificity of the results in each study area. In our study, we compared four landscapes that, although being dominated by the same land use, are very different in their local contexts, the values they hold, and the challenges they face. To ensure a positive future for agroecosystems, it is necessary to embrace this diversity and design policies that are adapted to the different regional contexts. Policies to enhance ES provision in Swedish wood-pastures (such as stimulation of local distribution networks and promotion of local products through strategies of landscape labeling) do not match with the ones that might be necessary to boost ES supply in the analogous Romanian agroecosystems (such as improved access to markets and support to address technological gaps) or the analogous Spanish ones (such as maintenance and restoration of public paths and drove roads to make the landscape more accessible to the general public, and incentive schemes to integrate cereal production within wood-pastures).
To achieve these goals, transformative strategies are required to acknowledge that landscapes are not static and that are based on the premise that direct links between people and nature are preferable to indirect links based on incentive payments. Linking with Food and Agriculture Organization's strategic objectives to make agriculture more sustainable, land managers need to be placed in the frontline of decision-making by establishing a continuous dialogue that monitors the social-ecological properties of farming systems and ensures a sustainable agricultural development while improving the quality of life of local stakeholders. Potential incentives to promote a management that enhances ES would be further supported by integrated landscape policies that promote the development of local distribution networks, product labeling and certification, and programs to maintain traditional agricultural knowledge.
MATERIALS AND METHODS
Study area description
The study was conducted at four sites in three European countries: Östergötland (Sweden), southern Transylvania (Romania), and Llanos de Trujillo and La Serena (Spain) (Fig. 2) . Each site constitutes an internally coherent territorial unit in terms of landscape, land uses, and socioeconomic characteristics ( Table 3 ). All study areas are agricultural landscapes in which wood-pastures that are mainly composed of oak trees are the most characteristic landscape elements. However, the conservation status and prominence of wood-pastures in the landscape and the social-ecological trajectories of each system differ greatly.
The study areas of Llanos de Trujillo (formed by the municipalities of Trujillo, La Cumbre, Aldea del Obispo, and Torrecillas de la Tiesa) and La Serena (formed by the municipalities of Campillo de Llerena, Retamal de Llerena, Higuera de la Serena, and Zalamea de la Serena) are located in the region of Extremadura, in southwestern Spain (Fig. 1, A and C) . Dominated by holm oak (Quercus ilex) wood-pastures, named dehesas, agricultural land is mostly concentrated on large landholdings that have often belonged to the same families for several generations. In the past, each dehesa was used to support several households and was significantly reliant on unpaid labor. The modernization of the Spanish society and the economy in the 1970s motivated owners to shift management toward activities that required less labor (for example, cattle breeding instead of sheep breeding and meat breeds instead of milk breeds) and to reduce the diversity of their production activities. The main environmental difference between Llanos de Trujillo and La Serena is the rather fertile soils and flat lands in the latter, which allow dehesas in this area to be commonly intercropped with cereals and legumes in a rotational cycle of 4 to 10 years. In contrast, in Llanos de Trujillo, cereal production has almost disappeared, whereas the promotion and enhancement of habitat for game hunting have increased. The study area of southern Transylvania (formed by the municipalities of Rupea, Viscri, Bunești, and Messendorf) is located in the Saxon region of southern Transylvania (Fig. 1D ). Traditionally, grazing and forestry were crucial activities in this region. The use of forests and pastures was managed in a communal way, where each individual in the community had rights and obligations concerning their use. Thus, the structure of the landscape and its traditional use is inextricably linked to the local communities. After the fall of the communist regime in 1989 and Romania's accession to the European Union in 2007, economic interest in the region has been increasing not only due to its natural and cultural heritage but also for its agricultural landscape and potential for economic intensification.
S C I E N C E A D V A N C E S | R E S E A R C H A R T I C L E
The study area of Östergötland (composed of the municipality of Linköping), which is located in the southeast of Sweden (Fig. 1B) , has one of the largest remnant areas of pedunculated oak (Quercus robur) and sessile oak (Quercus petraea) wood-pastures in Sweden, where most traditional grazing systems disappeared during the 19th century. Not all wood-pastures were transformed into other land uses, especially in Östergötland, where they still represented a key management resource. Nowadays, the traditional management of wooded meadows and grazed wood-pastures has been slowly abandoned, and currently, the remaining wood-pastures have been integrated into the farms and kept for their cultural and historic values as well as for the recreational activities that take place in them such as outdoor sports, orienteering competitions, or game hunting.
Data collection
Data were collected through semistructured face-to-face interviews with landholders, which were designed to capture the main characteristics of management in the wood-pasture as well as the landholders' sociode-mographic characteristics and personal views and opinions. Our semistructured questionnaire comprised 50 items with potential follow-up questions for clarification purposes (full interview translated into English in table S1). Some of the questions were adapted during the translation to match the local context or to suit the terminology used in each native language when necessary. Interviews were performed between the summer of 2015 and spring of 2017 (May to June 2015 in Llanos de Trujillo, March to April 2016 in La Serena, August to September 2016 in Östergötland, and February to May 2017 in southern Transylvania). Landholders were identified by snowball sampling (53) , where a number of initial contacts were made on the basis of local facilitators. Starting from these, other landholders who fulfilled the requirements were contacted. The total number of owners and/or managers interviewed was 36 in Östergötland, 46 in southern Transylvania, 42 in Llanos de Trujillo, and 19 in La Serena. The land under their management covered a total surface of 395.82 km 2 , which represents 12% of the total and 25% of the agricultural surface in the study areas.
Ecosystem service indicators
We collected the values for indicators of ES to assess the coproduction of ES in each wood-pasture covering provisioning, regulating, and cultural ES categories. For provisioning services, we used the total number of products, animal production, cereal production, timber and firewood production, and maintenance of genetic resources as indicators. Number of products accounted for the total number of commercial commodities and/or activities marketed on the landholding. Animal production accounted for the total number of livestock units present on the wood-pasture divided by the total surface area of the landholding. One livestock unit corresponded to the food necessities of a cow of 500 kg, not pregnant or lactating. The equivalencies in livestock Regarding regulating ES, we collected the values for two indicators of agricultural intensification that have previously been associated with the reduction in regulating ES on European farmland (22, 26, 29, 54) : mineral inputs and capital inputs. We used these as inverse indicators of regulating services. Mineral inputs account for the total number of tons of mineral fertilizer used per hectare on the landholding per year. Capital inputs comprise the total amount of euros spent per hectare per year on expenses, that is, pesticides, fuel, salaries, imported animal fodder, and fertilizers.
Finally, to assess the supply of cultural ES, as indicators, we used hunting, which accounted for the presence or absence of recreational hunting activities; recreational events, which comprised the use or otherwise of the wood-pasture for recreational events (family gatherings, social events, public festivals, etc.); wild resources harvesting, which covered the harvesting of wild non-wood forest products (mushrooms, berries, flowers, etc.); outdoor recreation, which accounted for the use or otherwise of the wood-pasture for outdoor activities (running, hiking, biking, etc.); wildlife-related recreation, which comprised the use or otherwise of the landholding for wildlife/biodiversity-related recreational activities (nature photographing, bird-watching, etc.); and historic and cultural features, which accounted for the presence or absence in the wood-pasture of landscape features of historic or cultural value (ancient graves, traces of past uses, religious landmarks, etc.).
System property indicators
To account for the biophysical, economic, governance, technological, and economic properties of the wood-pastures, we collected the values of 11 indicators at every property. To account for the biophysical characteristics, we assessed land-use heterogeneity, measured as the diversity of land use, with the Shannon index of diversity and the size of the landholding in hectares. To account for the social properties of the wood-pasture, we assessed the total number of hired employees (that is, the total number of hired non-family employees measured as individuals per month per year based on a 7.4-hour working day) and family involvement in the management, which accounted for the number of family members working in the wood-pasture (regardless of whether they were recognized economically or not). To account for the governance properties, we assessed self-consumption ratio, which accounted for the proportion of the farm production that was consumed on the landholding; local distribution ratio, which accounted for the proportion of the commercial production that was distributed locally; privately owned ratio, which accounted for the proportion of the property that was privately owned; and farm access policy, which accounted for the policy regarding accessibility on the property, which could be open (access to the wood-pasture is allowed) or restricted (access to the wood-pasture is not allowed). To account for the technological properties, we assessed fuel consumption (total amount of gas oil consumed per year in cubic meters) and use of animal labor on the land. Finally, to account for the economic properties, we assessed the economic investment, which comprised the total amount of euros invested per year to manage the landholding, excluding economic subsidy payments.
Perception of landscape values and threats to management
To assess landholders' views, perceptions, and perspectives, we asked two open questions during the interview. The first was designed to capture perceptions regarding wood-pasture values and how woodpasture management affected their quality of life ("How does working in this landscape contribute to your quality of life?"). The second question ("What are the main threats and difficulties you confront in your work?") was designed to capture landholders' perceived threats to their current management.
The answers to the first question were coded following the cultural values model (CVM), which was developed by Stephenson (55) and has been used previously to assess values in SES (20) . The answers to the second question were categorized according to the STEEP framework categories (56) .
Statistical analysis
To identify ES trade-offs, we performed a PCA for mixed data. This multivariate analysis technique allows binary and continuous data to be integrated by mixing a standard PCA for the quantitative variables with an MCA for the binary variables as special cases (57) . To assess the potential geographical influence on the trade-offs, we included the study areas as supplementary variables. Thus, we projected them onto the principal components for interpretative purposes without intervening in the calculation of the eigenvalues (58) . We used the R package PCAmixdata to do the calculations (57) . The first four components of the PCA were selected for interpretation following the Kaiser-criterion (eigenvalues < 1).
To analyze the relationship between the ES trade-offs and SES properties, we performed a correlation analysis using Pearson index and MFA. MFA is a multivariate analysis technique that allows one to analyze and synthesize the information from different data sets, which facilitates the use of quantitative and qualitative data (59) . The MFA successively carries out a PCA or an MCA depending on the variable type and stores the value from the first eigenvalue of each multivariate analysis to perform a weighted PCA. As input variables, we used the values of the factor loadings of each landholding for the four trade-offs calculated in the PCA. We related these values to the drivers of management ( Table 2 ). As in the PCA, we included the study areas as supplementary variables to analyze geographical patterns without interfering in the calculation of the eigenvalues or coordinates of the variables. Again, we used the R package PCAmixdata to perform the calculations.
To analyze landholders' perceived values and threats, we performed an MCA using the coded answers to the two open questions as inputs. The active variables were the presence/absence of the perception of each individual landscape value and threat. To infer potential geographical and cultural patterns, we again used the study areas as supplementary variables. The statistical analysis was performed using XLSTAT 2009 (60) .
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